of bitches have malignant tumours leading to metastatic disease wTith euthanasia in the majority of cases-600, at 2 years after surgery in our experience.
Despite these facts, there are onlv 3 reports of tissue-culture studies of canine mammary carcinomas, by Cella (1967) , Owen et al. (1977) and Watrach et al. (1978) . Owen and co-workers reported the probable establishment of 2 cell lines: one, derived from a primary adenocarcinoma, was fibroblastic in nature, while the second, from a lung metastasis, was epithelial in nature.
This report describes the cultural and other characteristics of a cell line (REM 134) derived from a spontaneous primary canine carcinoma (Hampe & Misdorp, 1974) . Representative tissue wzas fixed at the time of biopsy as 1-2mm cubes in 2-50/o, glutaraldehyde in cacodylate buffer and processed for examination in the transmission electron microscope as described previously (Else & Hannant, 1979b) . Subsequently the bitch was killed 1 month after mastectomy and metastatic tumours involving the liver, diaphragm and lungs were seen at necropsy performed 6 h post morteiii.
The tumnour was disaggregated mechanically, and the fragments pressed through stainless steel mesh. After filtration through gauze to remove fatty fragments and debris, the cells were cultured using Parker TC 199 medium with the addition of penicillin (250 iu/ml), streptomycin (100 ,ug/ml) and 15% fetal calf serum.
Cells were seeded at densities of 2 5 x 106/ml and 5a0 x 106/ml. The cells were subcultured by trypsinization and, during aIn initial 10-month period, 112 passages were effected. Subsequently the medium was changed to Earle's-based Eagle's complete medium containing 100 iu/ml penicillin, 100 vg/ml streptomycin, 500 newborn calf serum and 2 %, fetal calf serum, and a further 25 passages carried out to date. Initially the doubling time, as estimated from total cell counts, was 48 h and at passage 120, 24 h.
Throughout the entire culture period the morphology of the cells was typically epithelial (Fig. 1) Monolayers were examined in a scanning electron microscope after fixation in 2.5% glutaraldehyde, followed by dehydration with acetone and critical-point drying. Monolayers had confluent cells with indistinct cell borders, raised centrally placed smooth nuclei, and prominent surface microvilli (Fig. 5) covering the remainder of the cell surface.
Cells for chromosome analysis were pulsed with 0-2 ml of 2% colchicine (BDH) in saline at 16 h after subculture from confluent monolayers and then incubated for a further 2 h at 37°C. The cells were removed from flasks by trypsinization and processed through hypotonic KCI and fixative (Hungerford, 1965 human breast-cell lines (McGrath et al., 1974 ) and a canine mammary-cell line (Watrach et al., 1978) . Thus to check for the presence of retroviruses in this canine mammary-cell line, labelling with [3H]-uridine was carried out at passage 120, followed by concentration of the culture supernatant and sucrose density centrifugation as outlined by Norval & Marmion (1976) . In addition, induction was attempted using progesterone (1 pg/ml, Sigma) or luteotropic hormone (5 and 10 jug/ml, Sigma) for 24 h before labelling with [3H]-uridine. Levels of progesterone higher than 1 ,ug/ml were found to be toxic for the cells. No labelling was detected in areas of the sucrose gradients corresponding to a density of 1 16-1-18 g/ml, the reported density for most retroviruses. However, further studies are currently in progress on this question.
Cells from various passages were inoculated s.c. into 4-week-old female CBA Nu/Nu mice. Inoculation of 107 cells produced a solid tumour of diameter 0-4 cm, easily visible within 5 days, which continued to grow steadily until , 2-0 cm in diameter, when the mice were killed at 21 days (Fig. 7) . The short latent period of 5 days was a regular feature in all mice inoculated and contrasts with latency periods of > 3 weeks recorded for heterotransplanted human mammary carcinomas (Ozzello et al., 1974) . Presumably this feature is related to the highly malignant character of the cells. Inoculation of less than 105 cells produced no tumour.
Histologically the tumours were identical to the original primary canine carcinoma (Fig. 8) . Some of the larger tumours induced by cells from later passages, however, also showed foci of tumour cells with bloated cytoplasm containing brightly eosinophilic fibrillary material. At cell junctions in these sites there was a lamellar arrangement of the material indicative of keratin-like formations. All samples examined histologically showed narrow compression capsules with sparse numbers of fibroblasts and polymorphonucleocytes migrating from adjacent blood vessels. There was usually evidence of local tissue infiltration by tumour cells at 21 days' growth. The largest tumours frequently had small central foci of necrosis. Such foci presumably reflect the rapid growth rate since the tumours generally had an abundant supply of thinwalled vascular channels. There is no evidence yet that any of the tumours metastasized but this aspect is under further study.
The tumours were excised, disaggregated with a mixture of collagenase and dispase (Boehringer) and 3x 106 washed cells injected s.c. into female "nude" mice. Again tumours were visible within 1 week and grew rapidly. Serial tumour passage from one mouse to another was carried out 3 times and in each case the resulting tumours were histologically the same and similar to the original primary carcinoma. Culture of cells derived from disaggregation of these tumours yielded monolayers with the same morphology and karyotype as the original cells. In addition, they induced tumours when injected subsequently into female "nude" mice after 3 passages in vitro.
In male CBA "nude" mice inoculated with 2 x 106 cells, tumours did not appear before 19 days. The growth rate was estimated to be half that in the female mice with similar numbers of cells from the same passage. This observation may be indicative of hormonal control of tumour growth in vivo, and the apparent sex difference is currently under investigation.
Oestrogen-receptor assays ofthe primary tumour (Hamilton et al., 1977) were positive. However, subsequent examination of the culture medium after growth of REM 134 cells at passage 125, by radioimmunoassay for oestrone and oestradiol-1 7A, indicated no production of these steroids by the cells. In addition cultured cells and a solid tumour induced in a "nude" mouse showed no significant oestrogen or progesterone receptor activity as measured by uptake of [3H]-oestradiol (Hawkins, personal communication). It would appear, therefore, that in vitro the cell line is neither hormone-dependent nor capable of secreting detectable amounts of oestrogens. It is possible that for growth in vivo the cells may be dependent on some other factor such as pituitary hormones which may be released in higher amoitnts than the ovarian hormones.
In summary, this report describes a long-term culture derived from a canine mammary carcinoma which requires no special conditions for growth and appears to satisfy the criteria for an established cell line. One hundred and two canine mammary carcinomas have been cultured in vitro by one of us (R.W.E.), epithelial cells arising in about half this number. Out of all these, the REM 124 cells represent the only long-term line established which also has tumorigenic properties in "nude" mice. Furthermore, this cell line may provide a useful system for in vitro studies on mammary carcinoma cells as an alternative to dogs, particularly with reference to experimental hormonal manipulation.
